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The Upper Pleniglacial, between 23 000e20 000 BP, is characterized by the intensiﬁcation of cold climate
and is followed by the maximum extent of ice sheets. There is a little bit information about the human
activities during this period. New archaeological excavations in Ukraine permit to evidence data about
behavioural human adaptations. These open air sites are on the one hand Pushkari 1 (excavation VII),
Pogon (excavation VII) and Obollonia in the Desna valley and on the other hand Dorochivtsy III in the
Dniester valley. These sites are characterised by atypical lithic industries made on local ﬂint relied to the
Gravettian but containing Epigravettian or Aurignacoid elements. In order to better understand the
subsistence strategy we carried out zooarchaeological and taphonomical studies, which allow us to
reveal the strategy of fauna exploitation by the human groups. We highlighted that all these sites are
characterized by a restricted faunal spectrum with the presence of mammoth, reindeer, horse and car-
nivores (mainly fox [Vulpes vulpes and Alopex lagopus] and wolf). In the Dniester valley the reindeer was
the most exploited, whereas the mammoth is the most exploited in the Desna valley. Indeed, it was
probably hunt in Pushkari 1, maybe in Pogon and Obollonia. It was exploited as combustible, food re-
sources and bones as raw material. In Dorochivtsy III/6 ivory was used to make tools and as artistic
support. Indeed this site and Obollonia present grooved ivory points, this is the oldest occurrence of this
kind of artefacts in the both regions. Moreover two engraved tusks presenting more or less ﬁgurative
pictures were found in Dorochivtsy III/l.6 and Obollonia. The other large herbivores were also consumed
and carnivores were exploited for their pelts in all these sites. The settlements are recurrent camps with
little development occupied during varied seasons oriented to hunting and butchering activities linked
with exploitation of local ﬂint. These sites demonstrate the continuity of human occupations within the
Eastern European plain, with the persistence of hunting methods and the relative diversity of animal
exploitation, during the Upper Pleniglacial. These sites are really important for the understanding of
cultural processes in the Eastern European Upper Palaeolithic, and particularly for the understanding of
Epigravettian origin.
© 2015 Elsevier Ltd and INQUA. All rights reserved.l History (France), UMR 7194
Prehistory Department, 1, rue
lg.ac.be, ldemay@mnhn.fr
reserved.1. Introduction
This article focuses on the East European plain, delimited by the
Urals, Caucasus and Carpathians Mountains and the Fenno-
Scandinavian ice-sheet. Within this area, Ukraine has yielded
numerous Palaeolithic archaeological sites.
The late middle Pleniglacial is marked by signiﬁcant climatic
deterioration shown by a tundra gley (Fig. 1), demonstrating active
L. Demay et al. / Quaternary International 412 (2016) 16e36 17permafrost. In Eastern Europe, the interpleniglacial paleosols be-
tween 28 000 and 23 000 BP are known as Bryansk paleosols
(Velichko and Morozova, 1972; Rusakov and Korkka, 2004). They
correspond to Doﬁnovo paleosols as described by Ukrainian au-
thors (Djindjian et al., 1999). The upper Pleniglacial, MIS 2, begins
with loess following this gley (Haesaerts et al. 1998), about
26 000 BP. Climatic conditions deteriorate, and particularly after
23 000 BP, temperatures dropped and aridity increased. A large
loess deposit covered Europe as far as the Mediterranean coast.
The subdivisions of this period vary according to authors. For
some (Clark et al., 2001; Renssen et al., 2001) the upper Pleniglacial
ends with the B€olling oscillation, at 13 500 BP and then transitions
to the Holocene period. For others (Velichko and Kurenkova, 1990;
Covalenco,1995; Stepanchuk,1999), the Ostashkovo phase, extends
to 16 000 BP, with themaximum extension of the ice sheet between
20 000 and 18 000 BP, and is followed by the Late Glacial. According
to the work of Haesaerts et al. (2003) and Borziac et al. (2005) the
Pleniglacial is divided in three phases:
- The ﬁrst part of the Upper Pleniglacial (26 000e20 000 years BP)
- The second part of the Upper Pleniglacial (20 000e14 000 years
BP)
- The ﬁnal phase of the Upper Pleniglacial, Holocene transition
(14 000e10 000 years BP)
We are particularly interested in the beginning of the ﬁrst
part of Upper Pleniglacial. There is little information on the
human activities during this period. Moreover, the transition
between Gravettian and Epigravettian cultures took place during
this time.2. Archaeological sites
New archaeological excavations in Ukraine have yielded data
about behavioural human adaptations. Here, we presentFig. 1. Geographical context of Eastern Europe during the Upper Pleniginformation obtained on four open air sites: in the Desna valley
with Pushkari 1 and Pogon (Pushkari complex), and Obollonia;
and in the Dniester valley with Dorochivtsy III, recently excavated
(Fig. 2).2.1. The Desna valley
2.1.1. Pushkari complex (Pushkari 1 and Pogon)
The archaeological complex of Pushkari is located in Eastern
Ukraine near the village of Pushkari. It was discovered in 1932 by
Rudinski (1947), on the right bank of the Desna river. A.J. Rudinski
excavated the Pushkari 1 site (Paseka) in 1932 and 1933 (excavation
I) (Rudinski, 1947). Then, excavations from 1937 to 1939 (excava-
tions II, III, IV) were directed by Boriskovski (1949) and since 1981
by V.I. Belyaeva (excavations V, VI, VII). We focus here on the
excavation number VII (42 m2 excavations) identiﬁed by surveys
made by Gribchenko in 1996, 1997 and 1998 and excavated by V.I.
Belyaeva and P.M. Vasil'ev since 1998. Faunal remains recovered by
A.J. Rudinski and R.I. Boriskovski were lost and the material of the
excavation number V was destroyed by ﬁre in the museum of
Novgorod Severski in 2007.
The Pogon site, also called Pushkari 8, was discovered in 1940 by
Voevodski (1950). M. V. Voevodski excavated the site in 1940 and
1946 (63 m2). It has been excavated by P. M. Vasil'ev since 2011
(8 m2) (Fig. 3).
The geological studies of Pushkari 1 and Pogon were conducted
by Velichko et al. (1997,1999) and Gribchenko (2006) (Fig. 7). These
sites are characterized by one cultural level. The layers are located
in thick loess deposits in a geological layer situated above the
Briansk soil that corresponds to the end of the MIS 3. Therefore, the
archaeological layers correspond to the beginning of MIS 2.
A bone from the archaeological layer of Pushkari 1 was dated to
16 775 ± 605 (OC 899) BP. However, Velichko (1961), Velichko et al.
(1997) and Velichko and Zelikson (2005) thought that this date was
questionable, too recent considering the stratigraphical context.lacial. (after Diercke Schul-Atlas für H€ohere Lehranstalten, 1907).
Fig. 2. Geographical location of the studied sites.
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19 000 BP (Belyaeva, 2002; Gribchenko et al., 2011) (Table 1). The
site of Pogon is dated around 24 000 and 22 000 BP (Gribchenko,
2006, 2011) (Table 1).Table 1
Radiocarbon dates of the studied sites.
Sites Dating (BP) References Material Bibliography
Pushkari 1 excavation II 16 775 ± 605 QC899 Burned bone Belyaeva, 2002; Gribchenko et al., 2011
excavation V 19 010 ± 220 AA1389 Burned bone
20 500 ± 500 GIN11311b Bone
20 900 ± 900 GIN11311a Bone
20 600 ± 1200 GIN8529 Mammoth tooth
20 700 ± 500 GIN8529a Mammoth tooth
21 000 ± 400 GIN3382 Bone
21 100 ± 400 GIN3381 Burned bone
22 350 ± 150 GIN11307 Burned bone
excavation VII 19 500 ± 240 Ki11901 Horse bone
20 160 ± 180 GIN11310 Burned bone
20 350 ± 180 GIN10195 Burned bone
20 500 ± 500 GIN11311 Mammoth tooth
20 840 ± 190 GIN11309 Burned bone
20 900 ± 600 Mammoth tooth
Pogon 18 690 ± 770 LU361 Mammoth tooth Gribchenko, 2006; Gribchenko et al., 2011
22 300 ± 500 GIN10193 Bone
22 500 ± 450 GIN10194 Bone
23 800 ± 700 GIN11315 Bone
24 000 ± 1200 GIN11312 Bone
Obollonia Boiler room 15 200 ± 200 SPb442 Mammoth bone Stupak, 2011
Excavation 20 730 ± 120 Ox28035 Mammoth bone
Dorochivtsy III Layer 6 22 300 ± 100 GrXX Charcoal Koulakovska et al., 2011, 2015
Layer 4 20 976 ± 76 KoXX Charcoal
Layer 3 20 700 ± 90 GrXX Charcoal
20 504 ± 83 KoXX CharcoalA palynological study was conducted in Pushkari 1 by Velichko
et al. (1999) in the cultural layer. It shows the predominance of her-
baceous taxa. Velichko et al. (1999) noticed the presence of Plantago
sp. (plantain) and Anthoceros sp. (hornwort) which are related towetlands. The landscapewas open and dominated by steppe-tundra,
with the proximity of forest cover and a relatively wet climate. In
Pogon, herbaceous taxa (Poaceae sp., Cyperaceae sp., Ranunculaceae
sp.) dominate,which is typical of a cold steppe (Ephedra sp.,Artemisiasp.) (Gribchenko, 2006). Yu.N. Gribchenko concludes to an open
landscape of steppe-tundra type, with the proximity of forest cover.
These sites have yielded many lithic artefacts. The excavation VII
of Pushkari 1 yielded about 20 000 artefacts studied by V.I. Belyaeva
Fig. 4. Pushkarian points with lateral retouches and proximal truncature. a) Pushkari 1
(Belyaeva, 2004); b) Pogon (Vasil'ev, 2014).
Fig. 3. Plan of excavation sectors at Pushkari 1 and Pogon (after Belyaeva, 2002, 2009).
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(Vasil'ev, 2014).
Both assemblages are similar. They present long, regular,
retouched Most are symmetrical with oblique truncation and a
backed edge. Some present bilateral distal retouches whereas
others are asymmetric. Some points present lateral retouches and
proximal truncation called Pushkarian points (Fig. 4). There are also
side-scrapers and endscrapers, microliths and combined tools in
low proportion. There are many ﬂakes.
It is a complete lithic assemblage containing the products of
debitage, and oriented on hunting activities. The lithic assemblage
of Pushkari 1 is particular, presenting some “archaic” pieces and
some Epigravettian features. It is classiﬁed as a particular facies of a
recent Gravettian with Epigravettian features. The ancient Epi-
gravettian features are deﬁned by the microlithisation of the stone
tools, the increase of laterally abrupt retouched tools, sometimes
associated with artistic elements (for instance Kostienki 8/I, Kos-
tienki 11/II, Kostienki 21/III, Ciuntu, Crasnaleuca-Stanis¸te/VII).
From the data about comparison with other cultural complexes
(the Kostenki- Borshevo group, the Kostenki- Alexandrovka group,
the GagarinovodKhotylevo group and the Kostenki- Avdeevo
group (Amirkhanov, 1998)) Pushkari 1 and Pogon industries are
distinguished from others (Rudinski, 1947; Boriskovski, 1953;
Nuzhnyi, 1992, 2009; Belyaeva, 1997; 2000, 2002, 2004; Sinitsyn,
2007). From the excavations conducted by I.G. Shovkoplias (1967)
and the new excavations lead by D.V. Stupak in 2002 and 2005,
and lithic study conducted by D. Yu. Nuzhnyi (2009), only the site of
Klussy, which presents a similar stratigraphic situation with
Pushkari 1, showed the same lithic industry. Klussy is the only site
which could related to Pushkari 1, forming a particular facies called
Pushkarian.
The ﬂint is black, coming from Cretaceous deposits accessible at
the base of the promontory. At Pogon, P.M. Vasil'ev identiﬁed a few
white elements which were imported.
The site of Pushkari 1 contains many bones of woolly mam-
moths. Our aim is to understand what are the characteristics
related to the presence of these large mammals, taking in account
other species. That is why it is necessary to assess the anatomical
representation, to deﬁne the population structure, which can help
us to understand their presence on the promontory. Taphonomicobservations can also lead to an understanding of the preservation
of the cultural layer. Considering these factors, the objective is to
understand what could be potential interactions with human
groups, whether this species played a role in terms of food and/or
construction material by use of bones. We studied the material of
the excavation number VII from 2003 to 2013 curated at the village
of Pushkari (publication in process).
Concerning Pogon, the problem is quite similar. We studied the
material of the excavation VII from 2011 to 2013. Bones are curated
at the Museum of archaeology of Kiev.2.1.2. Obollonia
At 100 km from the complex of Pushkari, near an ancient
channel of the Desna river, the site of Obollonia was discovered in
2010 during civil engineering of a boiler room. The excavations led
by D.V. Stupak were started in 2011.
The site of Obollonia is located east of a promontory formed by
the Desna and its right tributary, the Bystrytsia river. The geological
study was made by Yu. N. Gribchenko (Stupak et al., 2014) (Fig. 7).
From the sedimentation of the layers, the cultural level was
disturbed by movements due to water. Its situation corresponds to
a cold period between 24 000e17 000 BP.
The site of Obollonia was dated on the one hand from a bone
from the boiler room and on the other hand on a bone from the
excavation. The ﬁrst one is dated to 15 200 ± 200 (SPb442) and the
second is dated to 20 730 ± 120 (Ox28035) (Stupak, 2011). How-
ever, the archaeological remains of the excavation and of the boiler
room would be of the same geological layer (Stupak et al., 2014).
The most recent date has been called into question and the new
data about sedimentation tend to dismiss this date (Table 1).
The pollen analysis was conducted by Yu.M. Gribchenko (Stupak
et al., 2014.). During the cultural occupation, therewas a majority of
shrubs and herbs. The identiﬁed plant species, Betula nana,
B. fruticosa, Botrychium boreale, Selaginella selaginoides, Armeria sp.,
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ence of the algae Pediastrum sp. reﬂects a change in the course of
the river.
The lithic remains were studied by Stupak (2010, 2011, 2012,
2013, 2014). There are 11 553 remains (ﬂint: 9548; quartzite:
2005). The cores were fully used. Tools are scrapers, burins and
microliths. There are also particular pieces of ﬂint industry,
including Aurignacian burins (Fig. 5). This assemblage is deﬁned as
an Epiaurignacian.
The Epiaurignacian corresponds to the resurgence of similar
techniques than the Aurignacian, notably by the presence of boat-
hull-shaped burins and microliths, without direct afﬁliation. This
phenomenon is observable in different sites (for instances Raskov
VII and Climautsi II). According to many authors, it is an error to
give a similar techno-typological denomination of these different
complexes for which the comprehension remains difﬁcult to un-
derstand (Covalenco, 2003e2004; Zwyns, 2004; Noiret, 2007;
Chirica and Valeanu, 2007).
The ﬂint which was used in Obollonia comes from Kanev and is
predominantly local ﬂint, about 30 km distant. The quartzite is
local.
Obollonia is a new site in the Desna valley. Our aim is to
determine the species, the taphonomical process to better under-
stand the site conditions and the role of these faunas within human
populations to deﬁne the cultural particularities. We studied bones
curated in the village of Obollonia, from the emplacement of the
boiler room and from the excavations from 2011 to 2013.Fig. 5. Aurignacian burin of Obollonia (Stupak, 2011).2.2. Dniester valley
2.2.1. Dorochivtsy III
A.P. Chernysh made surveys at Dorochivtsy located in Western
Ukraine and discovered two palaeolithic sites in 1951: Dorochivtsy I
(Gorbi) et Dorochivtsy II (Toloka) (Chernysh, 1954). Then, in 1968,
he discovered a third station: Dorochivtsy III (Chernysh, 1985)
which was only excavated in 2007 (Koulakovska et al., 2008).
The site of Dorochivtsy III contains seven archaeological layers
refered to the Palaeolithic. The geological study was made by P.
Haesaerts (Koulakovska et al., 2012). The cultural layers are in
sandy loam deposits. Dorochivtsy III is located on external bank of a
ﬂuvial terrace. It has favorable conditions for the preservation of
archaeological material. The increased presence of sand was
observed in layer 6. We observed cryoturbation between layers 3
and 4, 4 and 5, and 5 and 6 (Fig. 7).
Dates were obtained from three layers. Layer 6 was dated to
22 300 ± 100 and the layers 4 and 3 to around 21 000e20 500 BP
(Koulakovska et al., 2011, 2015) (Table 1). According to N. Ger-
asimenko (in press), the archaeological layers of Dorochivtsy III are
characterized by a steppe-tundra environment with the presence of
forest corridors and hydrophilous species.
The lithic assemblages were studied by L. Koulakovska and V. I.
Usik (Koulakovska et al., 2012). Layers 3-4-5 furnished Gravettian
lithic assemblages.
From the works about Gravettian cultures, the sites of Dniester
area do not contain Aurignacian tools or Mousterian artefacts
(Kozlowski, 1986). Moreover shouldered points are narrow and
almost unmarked. These characteristics differ from those ofFig. 6. Retouched bladelets of the layer 6, Dorochivtsy III (V. Usik In: Koulakovska et al., 2012).
Fig. 7. Stratigraphies of the studied sites. (Pushkari 1, after Velichko et al., 1997; Velichko et al., 1999; Pogon, after Gribchenko, 2006; Obollonia, after Gribchenko, In: Stupak et al., 2014; Dorochivtsy III, after Haesaerts, In: Koulakovska
et al., 2012).
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Fig. 8. Information about reindeer. a) seasonal cycle of reindeer antlers (from Murray,
1993); b) annual cycle of reindeer herds (from Kuntz, 2011).
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Dniester valley called Molodovian or Eastern Gravettian
(Boriskovski,1953; Grigor'ev,1970; Chernysh,1973; Otte,1981; Otte
et al., 1996; Borziac and Koulakovska, 1998; Borziac and Chirica,
1999; Djindjian, 2002; Noiret, 2004, 2007; Nuzhnyi, 2009).
Layer 6 presents particular pieces as retouched bladelets (Fig. 6),
different from those known in the region. This proﬁle corresponds
to an ancient Epigravettian. Dorochivtsy III is located in an area
which corresponds to a narrow canyon containing lithic deposits.
Owing to the ﬂuvial erosion of the Cretaceous stratigraphic units,
ﬂint nodules were rolled. This ﬂint of good quality was easy for
human groups to reach. We know that the human groups from
Dorochivtsy III directly used this local ﬂint of good quality to make
tools, left on the site.
The site of Dorochivtsy III is a newly discovered site in the
Dniester valley. Zooarchaeological results were recently pub-
lished (Demay et al., 2015). We studied the faunal material
from 2007 to 2010 curated in the Archaeological Museum of
Kiev. Our aim was to determine the species and the exploita-
tion of fauna to clarify the activities of human groups. We
wanted to compare the cultural process highlighted in this site
with those of the Desna valley. Our aim is to determine the
human involvement during the Upper Pleniglacial in the
European eastern territory.
3. Methods
The study was undertaken following zooarchaeological
methods including paleontology, taphonomy and palethnography
(Poplin, 1976; Driesch, 1976; Binford, 1979; Barone, 1986; Patou-
Mathis, 1994; Lyman, 1994, 2008; O'Connor, 2000; Pean and
Patou-Mathis, 2003; Reitz and Wing, 2008). Taxonomic references
and systematics were used in agreement with the code of zoolog-
ical nomenclature (2000). To determine the faunal remains we
used comparative anatomy books (Lavocat, 1966; Lessertisseur and
Saban, 1967a,b; Pales and Lambert, 1971; Schmid, 1972; Olsen,
1979; Pales and Garcia, 1981; Barone, 1986; Hillson, 1986; Altuna,
2004), and osteological collections of references (Collections de
l'Institut de Paleontologie Humaine e Museum National d'Histoire
Naturelle de Paris).
To determine age we used the tooth eruption and wear stages
together with epiphysation stages of postcranial bones. Sex of in-
dividuals was determined from the sexual dimorphism in relation
with osteometric and morphological differences. Concerning
mammoth we used data and stages from Coppens (1965), Laws
(1966), Roth (1984), Haynes (1991), Averianov (1996), Lister
(1996), Shoshani and Tassy (1996), Beauval et al. (1998) and Lister
(1999). Reindeers were studied from Bouchud (1953), Miller
(1972, 1974), Hufthammer (1995), Enloe (1997) and Weinstock
(2000). For horse, we used Barone (1986) and Eisenmann (1991).
Measurements were taken from Driesch (1976), Agenbroad (1994)
and Lister (1996).
Age classes of animals are determined as follows:
Mammuthus primigenius:
Juvenile: stages 0-IXa; from 0 to 8e12 years old.
Young adult: stages IXa-XVII; from 12 to 18e26 years old.
Intermediate adult: stages XVII-XVIIIa; from 25 to 30 years old.
Mature adult: stages XVIIIa-XXVI; from 30 to 50 years old.
Old adult: stages XXVI-XXX death; from 50 to 60 years old.
Equus sp.:
Juvenile: from 0 to 2 years old.
Young adult: from 2 to 4 years old.
Intermediate adult: from 4 to 6 years old.
Mature adult: from 6 to 18 years old.
Old adult: from 18 to 25 years old.Rangifer tarandus:
Juvenile: from 0 to 2 years old.
Young adult: from 2 to 3 years old.
Intermediate adult: from 3 to 5 years old.
Mature adult: from 5 to 10 years old.
Old adult: from 10 to 15 years old.
Season at birth, along with age determination, can inform us
about season of kill and human occupation. The works carried out
carcasses of juvenile mammoth found in Siberian permafrost
indicate that the births of mammoths probably took place during
spring (Rountrey et al., 2012). Non-shed antlers and birth season-
ality of reindeers provide more information about seasonal
slaughter and human occupations (Bouchud, 1954; Murray, 1993;
Lincoln, Tyler, 1994) (Fig. 8).
We used quantitative units from Poplin (1976) and Lyman
(2008). Abbreviations correspond to:
NR: Number of remains.
NRt: total Number of Remains.
MNE: Minimum Number of element. It deﬁnes the representa-
tion of skeletal elements preserved for a taxon, taking into account
the reassemblies, pairings, age and sex.
cMNI: Minimum Number of Individuals by combination, taking
into account the reassemblies, pairings, age and sex.
Ind: Indeterminate.
Ps: percentage survivorship. It establishes an observation on
three levels: for each element; for each anatomical region; for the
overall deﬁcit (total) of the species It is calculated by element. It
takes into account theMAU (MinimumAnimal Unit) which is based
on the minimum number of individuals evaluated by the cMNI.
Ps ¼ MNE 100=QspMNI max ¼MAU 100=MNI max4. Zooarchaeological study
4.1. The Desna valley
The Desna valley is known as the place of use of mammoth
bones as building material and industry and artistic support during
the gravettian and epigravettian periods. Combining the data
(Soffer, 1985), the faunal remains delivered by gravettian sites
L. Demay et al. / Quaternary International 412 (2016) 16e36 23(Khotylevo II, Berdyzh, Yurovichi) are composed of mammoth,
horse, rhinoceros and aurochs, also wolf, fox and bear. The epi-
gravettian sites (Mezhirich, Mezin, Yudinovo, Gontsy, Eliseevichi 1,
Suponevo, Timonovka I, Dobranichevka, Fastov) furnished mainly
remains of mammoth, horse, reindeer, rhinoceros, bison, red deer,
megaceros, boar, wolf, fox and bear. Activities and faunal exploi-
tation are more diversiﬁed during the epigravettian period. The
period between 23 and 16 000 BP is poorly known. The sites of
Pushkari 1, Pogon and Obollonia are the rare sites presenting hu-
man occupations in the Desna valley between 23 and 20 000 BP.4.1.1. Global quantiﬁcation
Concerning Pushkari 1, Pogon and Obollonia, the faunal spec-
trum is relatively restricted with a low density of bone remains. Fox
is represented in all sites, with other carnivores as C. lupus in
Pushkari and Pogon and asU. arctos in Obollonia. Perissodactyls and
artiodactyls are represented in low proportion andmammoth is the
most represented (Table 2; Table 3; Table 4). The proportion of the
different species is quite similar in Pushkari 1 and Pogon. Con-
cerning Obollonia there are only carnivores and mammoth.Table 2
Counting of the faunal remains, Pushkari 1 e excavation VII.
Species NR MNE cMNI
Mammuthus primigenius 419 168 11
Equus sp. 12 8 1
Rangifer tarandus 6 4 1
Canis lupus 22 22 1
Vulpinae 115 84 3
Sub-total 574 286
Large mammal 169 12
Large/medium sized mammal 14 1
Medium sized mammal 41 12
Small sized mammal 25 9
Indeterminate 50
Total 873 320 17
Table 3
Counting of the faunal remains, Pogon e excavation VII.
Species NR MNE cMNI
Mammuthus primigenius 63 18 2
Equus sp. 15 10 1
Cervidae (cf. Rangifer tarandus) 7 5 1
Canis lupus 1 1 1
Vulpinae 62 57 3
Indetermined 49 44 1
V. vulpes 7 7 1
A.lagopus 6 6 1
Sub-total 148 91
Large mammal 223
Indeterminate 1199
Total 1570 91 8
Table 4
Counting of the faunal remains, Obollonia.
Species NR MNE cMNI
Boiler room 2010
Mammuthus primigenius 44 25 3
Vulpes vulpes 18 18 1
Indeterminate 10
Total 72 43 4
Excavation 2011e2013
Mammuthus primigenius 231 22 3
Vulpinae 6 5 1
Ursus arctos 1 1 1
Large mammal 8
Medium sized mammal 83 8
Small sized mammal 5 4
Indeterminate 453
Total 787 40 54.1.2. Taphonomical processes
In Pushkari and Pogon, the surfaces of bones are altered and
bones are pulverulent or concretioned, needing a study directly
on the excavations concerning the method of consolidation.
The bones were covered by loess sediments, whose acidity is
probably the origin of the intense alteration of the bones. In
Obollonia, bones show better preservation, with well-preserved
surfaces.
In the three sites, bones are fragmented, in particular mammoth
bones, mainly cranial and axial skeletons. It seems to indicate
natural processes and destruction of bones because their mor-
phologies are more brittle.
In Pushkari 1 around half of the remains, especially large
mammals, present rough surfaces and large detachments of
splinters due to weathering. Mammoth bones have long been
exposed to the open air, probably due to their large size.
The oxide deposits (manganese and iron), due to water perco-
lation are visible on many bones of large, medium and small
mammals. There are few pits of dissolution due to runoff of
water and acidic solutions generated by the installation of a
vegetative cover later. The geological study indicated that the
layer that covered the cultural layer has oxidized sediments
(Velichko et al., 1997, 1999). This feature helps to explain the
oxidation of bone remains by percolating water. There are around
a quarter of bone remains affected by traces of charriage-a-sec,
reﬂecting some soil movements and f trampling, but not really
intense. The types of fractures observed on the bones of large
mammals and medium-sized mammals are longitudinal cracks,
spiral and stepped. Several bones have both fractures in non-
human spirals and echelons. These phenomena are due to ice
crystallization, drying and wetting. In Pogon, the situation is
quite similar (Fig. 9).
In Obollonia, we observed the same phenomena of alteration on
bone remains in both locci. Bone remains are affected by weath-
ering. Some bones of mammoths are affected by runoff water. All
the bones are damaged by oxidation phenomena due to water
percolation (Fig. 20). Many bones are affected by alterations due to
charriage-a-sec (Fig. 9).
In Pushkari 1 and Pogon, vermiculations due to the roots of the
plants are concentrated in small areas of the bones of all species.
These observations show a relatively poor vegetation cover on the
promontory.
In Obollonia, more than half of the bones are affected by plant
root marks. There are few marks of carnivores or rodents. A rib of a
largemammal shows gnawingmarks due to a small rodent. A distal
epiphysis of humerus of a young adult mammoth and a rib presents
gnawing marks due to a medium sized carnivore (Fig. 9).
In Pushkari 1, the taphonomic study suggests that bones were
affected by freeze-thaw actions. Some bones of mammoths lay in
open-air longer than others, buried more quickly. They were
intensively damaged by acid sandy deposits. Carnivores are not
responsible agents for the modiﬁcation and accumulation of the
assemblage. Then, after burial, alteration on bone surfaces implies a
more humid climate than expected. Moreover, bones of the upper
and lower extremities of canids are well preserved more or less in
their anatomical position, indicating that bone deposits were little
disturbed.
In Obollonia, according to the taphonomic study, we observe
that bones were quickly buried in a wetland in the subsurface and
subjected to some movement of sediments. The geological data
(Stupak et al., 2014) testify to the existence of an ancient channel of
the Desna river. During the warm season the melting ice probably
caused ﬂooding which could affect this bone assemblage. The
presence of small bones can be explained by a low ﬂow of the water
or by their trapping within the larger bones.
Fig. 9. Alterations due to climate-edaphic and non-anthropogenic biological agents of Pushkari 1-exc. VII, Pogon-exc.VII and Obollonia.
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Mammoth is the most represented taxa, relatively common in
the Gravettian and Epigravettian sites of the region. We want to
determine the modalities of acquisition and exploitation of this
animal by the different human groups and its place in the activities,
taking into account the other species.
In Pushkari 1-exc. VII, we highlighted the presence of at least11
mammoths, two juveniles, two young adults, and seven interme-
diate or mature adults, with a male and a female. All skeletal ele-
ments are represented (Demay et al., 2016) (Fig. 10).
In Pogon, regarding skeletal preservation, mammoths is rep-
resented by few elements (18), skull fragments, three cheek (one
deciduous tooth and two molars), and fourteen bones, all
belonging to a sub-adult, two defenses, four ribs, six long bones
(humerus, radius a, two femurs, two long bones indeterminate),
an undetermined ﬂat bone (scapula and coxal) and tarsal
(cuboid). Based on the cheek teeth, the age of the mammothsFig. 10. Mammuthus primigenius of Pushkari 1- exc. VII. a) proﬁle of population of M. primig
Borna modiﬁed from Abel 1925 in Osborn 1842).corresponds to a juvenile and sub-adult. All major anatomical
parts are represented.
In Pushkari 1, mammoths died nearby. In Pogon, the small
number of remains does not allow a deﬁnite conclusion, but
compared to skeletal conservation, it is conceivable that these
mammoths also died nearby.
In Pushkari 1, we highlighted (Demay et al., 2016) that
mammoth died on the promontory. The mortality proﬁle of the
excavation VII (Fig. 10) enhanced by the data of other loci (Rudinski,
1947; Boriskovski, 1949, 1953; Sablin, 1997), corresponds to the
type C (adult dominant) (Haynes, 1987). This is typical of a hunted
population. Combined with the lithic data, we propose that the
promontory where Pushkari 1 is, was probably a favoured place for
mammoth herds for particular food consumption (plants, min-
erals). Human groups had the opportunity to hunt them and to eat
them. Moreover several vertebrae are articulated; they could
correspond to an area of butchering.enius; b) Frequency of anatomical elements in percentage of survivorship (skeleton of
Fig. 11. Bones of juvenile mammoths, Obollonia. 1: boiler room 2010; a: left humerus
in posterior view; b: left ulna in medial view; 2: excavation 2011e2013; a: right ulna in
lateral view; b: right radius in lateral view; c: thoracic vertebra in anterior view.
(ph: L. Demay).
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quite difﬁcult to determine. However, according to the taphonomic
data, the skeletal preservation and the lithic industry, we can
suggest similar activities with Puhskari I.
In Obollonia, concerning the remains of the boiler room, the
woolly mammoth is represented by three individuals. Two in-
dividuals are represented by cranial bones (fragments of skull,
teeth, a tusk and fragment of tusk), vertebrae (a thoracic vertebra
and two lumbar vertebrae), three ribs (two left ribs and a right rib),
scapular belt (a right scapula) and pelvic girdle (left and right pelvic
bones), long bones (a right humerus, a fragment of radius, a right
femur, a fragment of left tibia, a fragment of proximal extremity of
right tibia), short bones (a left lunatum and a left triquetrum, a right
triquetrum, a right hamatum, a left patella and a right navicular).
The maximum diameter of the tusk is 220 mm. The diameter of the
tusks of youngmammoths is less than 200mm. The diameter of the
tusks of the females is between 200 and 350mm (Haynes, 1991). So
this tusk is from a youngmale, an adult female or an adult male. The
diameter of the glenoidal cavity of the scapula is 150 mm. The
diameter of the glenoidal cavity of male and female mammoths is
between 150 and 200 mm; the largest diameters are generally
attributed to males (Beauval et al., 1998). So this scapula is from a
young individual, perhaps a female. Both extremities of a small
sized humerus is not epiphysed, so this individual is less than stage
XVIa (around 18e26 years old). The distal extremity of a tibia is not
epiphysed, so this individual is less than stage XVIa (around 18e26
years old). The distal extremity of a femur is epiphysed, so this
individual is more than stage XVIa (around 18e26 years old). The
femur is normally epiphysised before the humerus, so this indi-
vidual is older than the one we described before. Pelvic bones are
quite complete. The height of ilium neck is 120mm. Comparedwith
other bones, it cannot be a male. From the moment a male is twelve
years old, the height of ilium reaches 160 mm. So, this is a young
female. From these data we determined at least two individuals, a
young female and a mature small individual.
A juvenile is represented by three bones, a right scapula and left
humerus and ulna (Fig. 11). The sizes of these bones (humerus:
13 cm; ulna: 15 cm) are less to those known about juvenile speci-
mens (Fisher et al., 2012). This individual is a newborn or a foetus at
term. The establishment of a female associated to this juvenile
could suggest this was a female with a newborn or a gravid female.
Concerning the excavation 2011e2013, bones of mammoths
belong to three individuals. Two of them are represented by cranial
bones (fragments of skull, tooth and tusk), three thoracic vertebra,
four ribs (two left ribs and two right ribs), a pelvic bone, a left
humerus, a left ulna, a right radius a fragment of femur and a distal
phalanx.
Considering a non-epiphysed distal epiphysis of a humerus, we
determined that an individual is less than stage XVIa (around
18e26 years old). Considering an epiphysed proximal extremity of
an ulna, another individual is older than the ﬁrst one (more than
stage XVIa, around 18e26 years old, if this is a female, more than
stage XVIIIa-XX, around 25e35 years old, if this is a male). We have
a young adult and a mature adult.
A juvenile is represented by a thoracic vertebra, two ribs (a left rib
and a right rib) and right coupled ulna and radius (Fig. 11). According
to the available measurement data, the size of the ulna of the ju-
venile of Obollonia (21 cm) is similar to those of Lyuba and Khroma
(Fisher et al., 2012). This individual is probably 1e3 months old.
These bones cannot be assimilated with those of the juvenile of
the boiler room. Assuming that the bones of the boiler room and
those of the excavation could be related, wewould have at least two
newborns, two young adults and one mature adult.
In Obollonia, bones of mammoths present butchering marks. A
rib bears anthropogenic cutmarks relied to deﬂeshing (Fig. 12). Twofragments of long bone bear anthropogenic percussion marks.
Although bones of mammoths do not contain marrow, it can be
consumed (Fladerer et al., 2015). The observations of anthropogenic
marks show the consumption of meat and marrow of mammoth.
Human group(s) could have hunted these mammoths or could have
scavenged fresh carcasses.
Pushkari 1 presents several thousand burned bone fragments.
They consist of fragments of long bones of medium sized mammals
and fragments of long bones and ribs of mammoth.
Pogon presents 1367 burned bone remains. They consist of
fragments of bones of large mammals and of ribs of mammoths.
Obollonia exc. 2011e2013 presents 443 burned bone remains.
They consist of fragments of long bones of medium sized mammals
and fragments of long bones and ribs of mammoth.
In Pushkari 1-exc. VII, and other loci, the high representation of
tusks raised questions. According to the general indexes of con-
servation, this is not a differential preservation, but a voluntary
conservation of dental elements, particularly tusks. It is possible
that the humans have stored them (Fig. 22). We are currently un-
able to deﬁne the possible secondary use. Although the cultural
features are different between both sites, Kostienki 1 also showed a
storage of tusks (Sinitsyn, 2007).
In Pogon, four small shallow pits were discovered (Fig. 13). Pits
n1, 2 and 4 are almost empty and contain only small fragments of
Fig. 12. Cutmarks on mammoth rib, Obollonia-exc. 2011e2013.
Fig. 13. Spatial distribution of Pogon and detail on the pits. (P. Vasil'ev).
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as vertebrae of fox, fragmented bones, burned bones and the distal
end of humerus of mammoth and a rib which presents an
anthropogenic fracture by pressure characterized by a splinter of
removal and put vertically (Fig. 14). These pits are near ashes which
probably correspond to a ﬁreplace.
In the Desna valley, the Gravettian site of Khotylevo II showed
small pits with anthropogenic fractured ribs of mammoth aligned
vertically, associated with ashes and ﬁre places (Velichko et al.,
1981) (Fig. 15). We can envisage in Pogon these pits correspond
to holes to maintain a light structure above the ﬁreplace, and some
bones whose rib have been used as elements of dunning.
The site of Obollonia-exc. 2011e2013 furnished two ivory points
(Fig. 16). One of them is 53 mm long with a diameter of 13 mm. The
other one is 22 mm long with a diameter of 11 mm. They have the
particularity to bear grooves as the “Isturitz type” (Pyrenees-
Atlantiques, France). This type of ivory points is newevidence of the
behavioral activities in Eastern Europe.
The site of Obollonia e boiler room 2010 furnished a tusk of
mammoth with engravings (Stupak, 2011) (Fig. 17). The length is
55.50 cm, the maximumdiameter of the proximal portion is 6.6 cm.
The diameter of the middle portion is 5.5 cm. Although the tusk is
incomplete, the proximal circumference is around 210 mm which
indicates a young adult or adult male or female (from Haynes,
1991). The tusk was cut by transversal notch and then broken off
completely. According to comments made by among others, Mr.
Stupak and G. Klopatchev the surface has been prepared before
being used. The study identiﬁed several distinct engravings
composed of stylized ﬁgurative motifs as an anthropomorphic
ﬁgure interpreted as a female, a snake incision, notches and
chevron patterns. They were made with different ﬂint or quartzite
burins.
This type of artifact is totally new for this period in this area. The
artistic style resembles the tusk of Kirillovska (Khvoika, 1913). The
abstract rounded and shaded patterns are quite similar (Fig. 18).
Kirillovska was uncertainly dated to 19 200 ± 250 BP. New studies
are in progress about this site.We have few elements to determine precisely the seasonal set-
tlements of human groups in Pushkari 1 and Pogon. However, the
high number of mammoths on the promontory could be explained
by the fact that at the end of the winter season, mammoths, stressed
from lack of food, came to ﬁnd the necessary nutriments. It is then
possible that the herds of mammoths may go north to the end of the
winter season-the beginning of the summer season and that human
groups have exploited this opportunity to hunt.
In Obollonia, we highlighted the presence of foetus or new born
mammoths. Within today's populations of elephants, births take
place during unpredictable periods. However, it is plausible
because of the cold climate during the ice age, that a season of birth
propitious for survival of newborns existed within populations of
mammoths. Supposing these data could be applied to all mam-
moths, the individuals of Obollonia could have died during the
spring or beginning of summer. So if human groups ate these
mammoth, they probably came during this period.
Vulpinae (Alopex lagopus e polar fox, Vulpes vulpese red fox) are
present in the three sites. In Pushkari 1, foxes are represented by
115 bone remains corresponding to at least 84 elements belong to
at least three individuals. Considering the skeletal preservation in
terms of percentage survivorship, all parts are represented, in
particular cranial and limbs elements (Fig. 19).
In Pogon foxes are represented by 62 bone remains corre-
sponding to at least 57 elements belong to at least three individuals.
Fig. 15. Small pits with fractured mammoth ribs
Fig. 14. Pit n3 of Pogon with an anthropogenic fractured rib of mammoth, put
vertically.
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with maxillary and teeth, seventeen long bones (four humerus, a
radius, four femur, ﬁve tibias and at least three indeterminate long
bones), bones of the axial skeleton (vertebrae: eight lumbar
vertebrae, two thoracic vertebrae, a caudal vertebrae and a rib), a
calcaneum and a phalanx. As for Pushkari 1, considering the skel-
etal preservation in terms of percentage survivorship all parts are
represented, in particular cranial and limb elements (Fig. 19).
Concerning fox in Pushkari 1 and Pogon, the skeletal preserva-
tion (Fig. 19) showed that these animals were brought complete on
the site. Moreover in Pushkari 1 these bones are located in small
pits in particular end limbs (Fig. 22). So, fox and perhaps wolf were
killed and exploited for their fur.
In Obollonia, in the place of the boiler room, fox is represented
by 18 bone remains corresponding to at least 18 elements
belonging to at least one individual. The remains of fox are repre-
sented by cranial bones: a right maxillar with teeth (P1; P2; P3; P4;
M1; M2), a left mandibula with teeth (P2; M1; M2) and a right
mandibula with teeth (P1; P2; P3; P4; M1; M2). We measured the
maxillar of fox (Table 5). Comparing with the data (Altuna, 2004),
this individual is Vulpes vulpes. Morphometric data of mandibles
cannot be exploited, but they couple with the maxillar.of Khotylevo II (after Velichko et al., 1981).
Table 5
Measurements of maxillar of fox of Obollonia 2010.
Criterion Measurements (mm)
Length from P1 to M2 52
Length P4 18
Length M1 þ M2 22
Length M1 11
Width M1 12
Fig. 16. Ivory points of Obollonia 2011e2013.
Fig. 17. Engraved tusk of Obollonia.
Fig. 18. Engraved tusk of Kirillovska (Khvoiko, 1913; 2008).
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sented by 6 bone remains corresponding to at least 5 elements
belong to at least one individual. Bones are represented by dental
elements (a lower incisor, a lower canine and an upper canine), an
ulna and a lumbar vertebra.
A brown bear (Ursus arctos) is represented by a proximal pha-
lanx (Fig. 20).
In Pushkari 1 wolf is represented by 22 remains corresponding
to at least 22 elements, mainly metapodials and phalanges. We
have also a right mandible with three teeth (P3, P4, M1), a left
mandibulawith a tooth (M2), a lumbar vertebra, a humerus, an ulna
and a radius belonging to at least one individual. In Pogon, a wolf is
represented by an ulna.
In Pushkari 1, horse is represented by a single individual, ac-
cording to the stages of eruption and tooth wear, is aged about 4e5
years. The reindeer is represented by a single individual. From a
proximal end of humerus not totally epiphysed, this individual was
less than 42 months old.
At Pogon, horse is represented by a fragment of mandibule, four
ribs, ahumerus, two femursandat least twoother indeterminate long
bones A cervid is represented by amolar, an incisor, a rib, two femurs
and at least two other indeterminate long bones, We do not know
exactly the age of the Cervidae and the horse, but they are adults s.l.
In Pushkari 1 and Pogon, we have few remains of horse and
reindeer. We do not know exactly the modalities of acquisition and
exploitation of these animals. However, we identiﬁed cutmarks of
butchering on a rib of reindeer (Fig. 21). Probably, these species
have been hunted for food.4.1.4. Occupancy types and site functions
In Pushkari 1-exc. VII, two ﬁreplaces are present in the site. We
excavated a small pit with bones of carnivores and another pit with
bones of carnivores, in particular end limbs of fox, a rib of large
mammal with cutmarks, burned bones, ashes and ﬂakes. Maybe
this one corresponds to a dumping zone. Vertebrae in connection
could correspond to an area of butchering. Concerning the lithic
study, tools were made and the site with local ﬂint, in particular
hunting artefacts (Fig. 22). Excavations and spatial distribution
allowed us to deﬁne the site of Pushkari 1- exc. VII as a campsite
with a spatial organization more developed than those known
during this period, probably of recurrent short-termoccupations on
Fig. 19. Anatomical representation in percentage survivorship of Vulpinae of Pushkari 1 and Pogon.
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Spadzista, which is oriented on butchering activities (Wilczynski
et al., 2012). We can propose that Pushkari 1 could be a
mammoth kill and butchering site.
The promontory is characterized by a local ﬂint of good quality
which was used by human groups. So on the one hand the
exploitation of ﬂint is a main criterion. On the other hand, we argue
that the recurrent presence of mammoth was an opportunity to
hunt.
Despite the low quantity of faunal remains in Pogon we can
venture a hypothesis about the faunal assemblage and human ac-
tivities. Concerning mammoths, their role within the human stra-
tegies is quite difﬁcult to determine. However, we know that their
bones were used as combustibles and we can envisage that they
were used as food. Human group(s) probably consumed Cervidae
and horse. The presence of carnivores is indicated by their pelts. So
human groups came in Pogon to establish temporary camps to get
local ﬂint to make tools relied to hunting and butchering showing a
continuity of the activities on the promontory with Pushkari 1.Fig. 20. Right proximal phalanx of Ursus arctos, in medial view, of Obollonia 2011,
2012, 2013 (ph. L. Demay).
Fig. 21. Cutmarks on reindeer rib, Pushkari 1-exc. VII.The site of Obollonia presents some burned bones, charcoals and
ashes, but no ﬁreplace was found. It is possible that this is in
another place which was not excavated or that they were
destroyed. Faunal remains were subjected to the alternation of the
ﬂooding and withdrawal of the Desna. From the zooarchaeological
study, Obollonia was probably a temporary camp oriented on
mammoth exploitation, for meat, marrow and to work ivory.4.1.5. Conclusions about the Desna valley sites
In Pushkari 1, Pogon and Obollonia mammoth provided food
and bones as combustibles, for storage, industry and art. So this
animal inﬂuenced exploitation of the territory by human groups.
The occupations were oriented on hunting and butchering activ-
ities mainly of mammoth. Other game was promptly exploited,
such as horse and reindeer, and carnivores for fur. The occupations
are temporary camp sites, repeatedly settled on different sectors on
the promontory of Pushkari archaeological complex and in Obol-
lonia, perhaps at the end of the winter/summer for these three
sites. The establishments depended on game and the local ﬂint.
Pushkari 1 and Pogon show relatively developed organization of
space, with areas of activities in Pushkari 1 and a likely light
structure in Pogon. The exploitation of mammoth bones as building
material is not as developed as anterior or posterior periods, but
mammoth was always hunted. At Obollonia, the exploitation of
ivory of mammoth as industry and artistic support was totally new
in for this period in this area.
Moreover, the lithic industries of the three sites revealed speciﬁc
facies. So in the same area during a relatively contemporaneous
period we have different cultural facies oriented on mammoth.4.2. The Dniester valley
Palaeolithic archaeological sites of the Western Ukraine are
clustered along the Prut and Dniester Rivers. Different sites pro-
vided data enabling reconstruction of the paleoenvironment,
chronology and cultures of human group during the Upper
Paleolithic (notably Molodova V). The Gravettian sites of the
Dniester valley, Molodova V, Korman IV, Babin I, Ciuntules¸ti I
(Noiret, 2009), have remains of mainly reindeer and horse, then
mammoth and bison andwolf, fox, hare and few bones of red deer,
megaceros, moose, rhinoceros, roe, and aurochs. The status of
mammoth is difﬁcult to understand; it is always represented, by
few remains or many bones (Molodova V), but we cannot deter-
mine its consumption by human groups. During the Epigravettian
occupations - Molodova V, Halich (Wojtal et al., 2001), Mejigirtzi
(Koulakovska and Otte, 1998), Cosaut¸i, Korman IV, Babin I,
Climaut¸i, Ras¸kov VII Voronovitsa I (Noiret, 2009)- hunting was
Fig. 22. Plan of excavation VII and spatial distribution, Pushkari 1 (Plan made by V.I. Belyaeva).
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concerning mammoth is the same as during the Gravettian oc-
cupations. There are also remains of fox, hare and few remains of
wolf, red deer, and moose.
During the ﬁrst part of the Pleniglacial, between
23 000e20 000 BP, palaeoclimatic variations took place. The
intensiﬁcation of cold and arid conditions is liable to force human
groups to adapt to a changing environment. Little is known about
this period, only a few assemblages in the Prut valley, Crasna-
leuca-Stanis¸te and Ciuntu. Ongoing excavations continue toTable 6
Counting of the faunal remains of the main cultural layers of Dorochivtsy III.
Species Layer 3 Layer 4
NR MNE cMNI NR MNE
M. primigenius 172 20 1 128 11
R. tarandus 217 82 3 308 84
Equus sp. 7 7 1 6 6
Vulpinae 25 25 1 7 7
Lepus sp.
Sub-total 421 134 6 449 108
Large mammal 76 7
Large/medium sized mammal
Medium sized mammal 270 1
Small sized mammal 3 3
Indeterminate 241 228
Total 662 134 6 1023 116provide new data and Dorochivtsy III is the only pluristratiﬁed site
of this period.
4.2.1. Global quantiﬁcation
The zooarchaeological study of Dorochivtsy III was published
(Demay et al., 2015, 2016). The faunal spectrum of Dorochivtsy III is
relatively restricted. The tryptic reindeer-mammoth-horse is pre-
sent in all the layers, often with fox. Proboscideans
are well represented in terms of remains. Reindeer is predominant.
Lepus sp. is represented by two lower incisors in layer 6 (Table 6).Layer 5 Layer 6
cMNI NR MNE cMNI NR MNE cMNI
1 3 3 1 73 9 2
4 66 44 3 241 21 2
2 1 1 1 34 7 2
1 4 4 1
2 2 1
8 70 48 5 354 43 8
11 2
44 2
22
6 3
1 713
8 104 50 5 1118 48 8
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Bones of layers 3, 4, 5 present well preserved surfaces whereas
the surfaces of the bones of layer 6 are more damaged, due to the
sandy deposit. Bones of mammoth and reindeer, in particular cra-
nial, longs bones and ribs, are fragmented in particular, in layers 3, 4
and 6. This is quite typical of natural process of deterioration,
excepted for long bones of reindeers relied with anthropogenic
activities.
The four layers are characterised by few marks of weathering
and run-off water but a high degree of oxidation on bones due to
percolation of water. Bones of layer 5 are more affected by char-
riage-a-sec (Fig. 23).
Bones of layer 5 are more affected by root marks. Carnivores and
rodents activities are sparsely represented (Fig. 23).
From these observations, we discern the bones of the layers
were quickly buried. Absence of evidence of their potential activ-
ities suggests that carnivores were not responsible for the accu-
mulation of bonematerial. The layers werewell protected, but with
some soil movements in particular in layer 6. Regarding layer 5, the
bones were buried in the subsurface.4.2.3. Acquisition and treatment of fauna
The reindeer of layers 3, 4, 5 and 6 of Dorochivtsy III are
generally young individuals with some female and male adults.
From the skeletal preservation in percentage survivorship, rein-
deers of layer 6 were butchered on the kill site and quarters of meat
were brought to the camp, without pelvic bones. In layers 5-4-3,
human groups took away from the camp only limbs and skulls with
antlers (Fig. 24).
Layers 6-3 present impacts of fracturation, cutmarks for disar-
ticulation and deﬂeshing relied to skinning and butchering activ-
ities. Some long bones were used as combustibles. In layer 6, two
awls were made from metapodials of reindeer (Fig. 25).
The site of Ciuntu, dated to 18 510 ± 200 BP (OxA-4125),
21 000 ± 220 BP (OxA-4426), 22 100 ± 220 BP (OxA-4774), iden-
tiﬁed as Late Gravettian/Epigravettian, corresponds to several
short-termed occupations oriented on hunting of reindeer and
horses (David, 1980). This site furnished awls on metapodials of
reindeer (Fig. 29).
Layer 5 presents non-shed antlers of young reindeer with cut-
marks, slaughtered during the end of the winter season. Layer 4Fig. 23. Alterations due to climato edaphic and non-anthpresents two reindeer aged of at least two years. Births take place in
June, so these individuals were slaughtered during the summer.
Concerning the layer 3, a juvenile reindeer is 5e8 months old. From
the birth season, this individual was slaughtered between
November and February. Another reindeer with non-shed antler is
around two years old. The reindeers of layer 3 were slaughtered
during the winter season (Fig. 26). There were different seasons of
occupations in summer and in winter.
The mammoths of Dorochivtsy III are young individuals in all
the layers. There are represented by cranial, long and ﬂat bones.
Bones were used as combustibles. In layer 6, we studied 156 burned
bone remains, 148 in layer 4 and 148 in layer 3. The majority of
these remains belong to ribs and long bones of mammoth.
In layer 6, we found three ivory points (b,c,d), two of them
presenting grooves (c, d). In layer 3 a fragment of ivory ofmammoth
presents a smooth and corrugated surface which could result from
an anthropogenic impact (a) (Fig. 27).
Layer 6 presents an engraved tusk belonging to a young adult.
The engravings were processed with thin carving to elaborate
meanders and a ﬁgure (Rydush, 2008; Koulakovska et al., 2012)
(Fig. 28). The site of Climaut¸si II, upper layer, dated around
20 350 ± 230 BP, furnished some pieces on ivory, as bracelets,
pierced staff and points Borziac (Fig. 29).
Horses are represented by some elements, mainly long bones
belonging to juvenile, young individual, andmature adult. Layers 6-
3 present impacts of fracture, cutmarks for disarticulation and
deﬂeshing relied to butchering activities for reindeer and horse.
Fox is represented by few bones of all anatomical parts, so they
were probably kept complete on the site. In layer 4, a metapodial of
fox has clear marks of skinning. Probably, some foxes were hunted
for their pelts.4.2.4. Occupancy types and site functions
In all the layers, the small number of animals involves short
human occupations.
Layer 6 is characterized by varied activities: lithic industry,
butchering, bone industry and aestheticism. This layer is charac-
terised by short-termed occupation(s), longer than in other layers.
Concerning the spatial distribution, layer 6 hats charcoals, but was
disturbed by phenomena of erosion, cryoturbation and soil move-
ments, and the remains are divided.ropogenic biological agents of Dorochivtsy III- l.6-3.
Fig. 24. Skeletal preservation in %survivorship of reindeers of the layers 6-3 of Dorochivtsy III.
Fig. 25. Awls made on metapodials of reindeer, layer 6, Dorochivtsy III. (Photo: L.
Demay).
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reindeer. It is a very short term occupation of a small human group.
The site does not present any area of activities or any charcoals.
Layer 4 is based on exploitation of ﬂint and on hunting and
butchering of reindeer and probably horses, together with exploi-
tation of fur of fox. It is a short-term occupation. The layer has
charcoals but does not present obvious areas of activities.
Layer 3 is based on exploitation of ﬂint and hunting and
butchering of reindeer. Some fragments of antler and a fragment of
ivory bear anthropogenic impact also. This layer shows a hearth
with a concentration of lithic artefacts and bones.
Concerning the culture of the Moldavia area, during the
Gravettian and the Epigravettian, called Molodovian, the main
features are the acquisition of local ﬂint, with few settled camp
sites, bounded with reindeer hunting, and there are few artifacts
reﬂecting bone industry or artistic pieces (Noiret, 2009). The site of
Crasnaleuca-Stanis¸te, layer VII, dated to 21 700 ± 800 BP (GrN-
12671), represents a ﬂint workshop. Bone remains are altered, with
some bones of bovid (Paunescu, 1999) (Fig. 29). The layers of Dor-
ochivtsy III are quite correlated to the Molodovian features. How-
ever, layer 6 is more different than what we know before,
presenting activities more varied than expected.4.2.5. Conclusions about the Dniester valley site
Among the seven Upper Palaeolithic layers, 6, 5, 4 and 3 of
Dorochivtsy III testify to the activities of human group during the
Fig. 26. Seasonal slaughter of the reindeers, Dorochivtsy III.
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allowed us to recognize reindeer, horse, mammoth and fox. Within
layers 5, 4 and 3, the human activities are in connectionwith use of
the local ﬂint and hunting of great mammals, in particular reindeer,
then horses. Concerning mammoths, we do not know what the
modalities of acquisition and exploitation are. Fox was exploited for
fur. The sites suggest recurrent short-termed occupations during
different seasons. Layer 5 corresponds more to a hunting stopping
place. These behavioural activities are quite typical of the Molo-
dovian complex.
Layer 6 is remarkable because of previously unseen practises.
The lithic assemblage combines with bone industry and engraved
tusk is a new kind of cultural elements in this area. This proﬁle
corresponds to an ancient Epigravettian. This layer shows the di-
versity of human activities during the Upper Pleniglacial and to the
particular status of mammoth ivory as artistic medium. So it is
possible that we have a continuity of occupations and cultural
features through the time, but probably problems of preservation of
the archaeological occupations in the Dniester valley.Fig. 27. Industry on mammoth ivory of Dorochivtsy III. a) ﬂake, l.3; b-c-d) points, l.6.
(Ph: L. Demay).5. Discussion
These sites permit understanding the strategies of game
exploitation during the ﬁrst part of the Upper Pleniglacial.
Comparing them, we can better understand the situation in the
East European plain.5.1. Context in both valleys
During this period between the Desna and Dniester valleys,
the climate is similar with an average of 0e6 C to the year, and
around 13 C, 6 in the coldest periods (Banks et al., 2008). TheFig. 28. Mammoth tusk with engravings, layer 6, Dorochivtsy III.
Fig. 29. Archaeological sites of the Dniester valley with bones and ivory artefacts.
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and thinning forest in river valleys (Grichuk, 1982). We have a
context relatively similar than the localization of the occupations
in valleys. They permit human groups to be protected, to have
access to water and are strategic places to watch the displace-
ments of animals. However the topography is different between
both regions. The Desna valley includes indented ravines forming
narrow valleys whereas the Dniester is composed of meanders
with lateral valleys. In both valleys human occupations are
localized on plateau or terrace in Pushkari 1, Pogon and Dor-
ochivtsy III. This type of topography is exploited in the Dniester
valley to hunt reindeer and horse and in the Desna valley to
hunt mammoth. In Obollonia they choose a ﬂoodplain to exploit
mammoth. All these sites are characterized by a dry and cold
climate, however the presence of riparian trees permits the
development of vegetation forming corridors which permits
the circulation of fauna and human groups. The presence of ﬂint
of good quality is a main criterion for settlements. For all
these sites, a local ﬂint was exploited directly on the sites for
Pushkari 1, Pogon and Dorochivtsy III and a little bit more far from
Obollonia.5.2. Behavioral activities and functions of the sites
All these sites are characterized by recurrent occupations with
relatively few developed settlement structures, excepted in Push-
kari 1. We have a common exploitation of the tryptic reindeer-
mammoth-horse and some carnivores. Bones were systematically
used as combustibles, in particular bones of mammoth. In the
Desna valley, in Pushkari 1, Pogon and Obollonia the subsistence
strategies are mainly oriented on mammoth. In the Dniester valley,
in layers 3-4-5 of Dorochivtsy III, the subsistence strategies are
mainly oriented on reindeer. Concerning layer 6 of Dorochivtsy III,
food activities are oriented on reindeer, and mammoth was
exploited in terms of use of ivory. In Obollonia, a unique kind of
exploitation of ivory during this period made points with grooves
and engraved tusks.
Finally, all these sites are temporary camps oriented on hunting
and butchering activities in strong bounds with the local ﬂint.
These sites are specialized about hunting. They also show the
participation of knowledge concerning work of ivory. The presence
of such artistic pieces as engraved tusks in short-termed occupa-
tions is questionable.5.3. Cultural particularities
The sites of Pushkari 1-Pogon, Obollonia and the layer 6 of
Dorochivtsy III present atypical facies linked to lithic industry and
bone artefacts: the Pushkarian, an Epiaurignacian and an ancient
Epigravettian. In the Desna valley at the same area during a rela-
tively contemporaneous period, we have different cultural facies
and it is the same for Dorochivtsy III/l.6 in the Dniester valley.
Obolonia is the ﬁrst manifestation of Epiaurignacian industry in the
Middle Desna region and together with sites of Pushkari group is
the one of the oldest settlement in this territory. Dorochivtsy III/l.6
also has an ancient date of Epigravettian features in the Dniester
valley. These occupations could be human groups coming regularly
from the south of the East European plain to the north. However,
the features are speciﬁc to the sites. We could also propose that it
may be ethnic groups which are staying in the area during this
period. These ethnical groups could come from anterior move-
ments of Gravettian peoples from Central Europe or/and from the
southern regions of the East European plain. The period of the Last
Glacial Maximum could have generated some interlocks causing
new behaviors visible in the manufacture (lithic tools, bone
modiﬁcation, art), but human groups continued their traditional
exploitation of area orienting their activities more on hunting than
lithic acquisition, always on reindeer in the Dniester valley and on
mammoth in the Desna valley.
These sites are really important for the understanding of cul-
tural processes in the Eastern European Upper Palaeolithic, and
particularly for the understanding of Epigravettian origin.Acknowledgments
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